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lUTRODUCTIOE 



Ever since the introduotlon of lighting by eleotrioity 
efforts have^T^een directed toward increasing the efficiency 
of the lamps, that is, decreasing the power required to 
produce a given amount of illumination. These efforts have 
resulted in the introduction and development of the Uernst 
lampt the metallic filament incandescent lamps such as the 
tantalum and tungsten lamps, and the metallized carbon 
filament lamp. It is a well known fact that illumination 
increases rapidly with increase in temperature of the in- 
candescent body. The original incandescent lamp, empljry- 
ing carbon as a filament, had a very poor efficiency, due 
to inherent characteristics of carbon. The task of im- 
proving the efficiency of these lamps had consequently 
two methods of procedure open to it. Either the inher- 
ent characteristics of carbon must be overcome, or the 
carbon filament must be replaced by some material which 
possesses characteristics better suited to high effi- 
ciency. The Uernst and metallic filament lamps replace 
the carbon with other material; the metallized carbon 
filament lamps partly overcome the inherent characteris- 
tics of carbon by a physical change in the carbon. Other 
methods of overcoming the characteristics gjJtiz^^SyXSol^^ic 
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T)een tried, among them that of operating the filament in 
different gases instead of in vacutur. ; but none of these 
have 80 far heen successful. 

The following thesis is a report of efforts made to 
increase the efficiency of incandescent lamps by both 
methods. The work divides itself into three divisions, 
as follows: 

1. An attempt to overcome the inherent characteris- 
tics of the carbon filament lamp by operating the filament 
in a carbon containing gas. 

2. An investigation of the avsilibility of differ- 
ent percentages of the oxides of rare earths for use as 
glowers in Tlernst lamps. 

3. An investigation of the availibility of cerium 
nitride for use as a glower when operated in an atmos- 
phere of nitrogen, nitrides as a class are promising 
because many of them are known to withstand high tem- 
peratures. Cerium nitride is typical of other nitrides 
and there is thus opened a whole field of investigation 
relating to the operation of nitrides in nitrogen. 

All the ideas are due to Trofessor Murray C. Beebe 
of the Electrical Engineering Department, under whose im- 
mediate supervision and direction the work was carried 
out. 
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Credit is due to the departments of Thysios, Chem- 
istry, and Steam Engineering for the use of apparatus 
and the furnishing of supplies. 
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TEMPERATURE AITO EPFICIEUCY 



It is not thought necessary to give a complete expo- 
sition here of the relation existing hetween temperature 
and efficiency. This is too well known to make such a 
proceeding necessary. It will prohably, however, "be con- 
ducive to a clear understanding of the conditions if the 
facts are "briefly outlined. 

Whenever any solid or liquid body is heated, it emits 
waves of energy. If the temperature of the body is low, 
the waves are long and useless for illumination purposes. 
But as the temperature increases, the waves of energy be- 
come shorter and of higher frequency, and it is only when 
the temperature rises sufficiently to add the necessary 
short wave lengths that any light appears. All the energy 
put into a body at low temperatures appears as heat and 
is useless for lighting because the wave lengths are too 
great to affect the eye, but as the temperature rises, the 
shorter wave lengths begin to affect the eye as light. 
The first waves which affect the eye are the red rays, but 
as the temperature increases, shorter wave lengths contin- 
ue to appear, more light is given off, and more colors 
added, until the whole visible spectrum is covered. If 
^he temperature continues to rise, wave lengths occur which 
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are too short and of too high a frequency to affect the 
eye. These are known as the ultra violet and actinic 
rays. Energy, therefore, at any temperature Is trans- 
formed into heat, light, ultra violet and actinic rays, 
the distribution depending upon the temperature. The 
light waves cover but a comparatively small region at any 
temperature, but as the temperature rises, the wave lengths 
already present are intensified and more short wave lengths 
appear. The point of maximum intensity shifts from the 
region of long wave lengths to that of the shorter wave 
lengths, and when the point of maximum intensity lies in 
the middle of the visible spectrum, the highest light ef- 
ficiency occurs. According to Dr. Steinmetz^, the tem- 
perature for black body radiation at which this maximum 
efficiency occurs is between 4000 and 5000 degrees Centi- 
grade, and he concludes that light may be given off at 
this temperature at a specific consumption of fl-om one- 
quarter to one-half a watt per candle power. Even under 
this condition, by far the greater percentage of the energy 
would be transformed into the long heat waves or the ul- 
tra violet and actinic rays, all of which are useless for 
purposes of illumination. Hence the limit of efficiency 
of incandescent lighting is very low. 

There is another important phase of the subject be- 
1 Prodeedings A.I.R.E. 25-757 ^ t 
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sides that of inoreased effioienoy. As the temperature 
rises, the variety of wave lengths in the visible speo- 
truiL increases and the approximation to white light be- 
comes better. The red light at low temperatures is as un- 
desirable as the intense blue of the arc In any light- 
giving body a variety of wave lengths is absolutely nec- 
essary and any light which allows a monochromatic wave 
length to predominate is unsatisfactory. Some substances 
actually do give preponderance to certain wave lengths 
at comparatively low temperatures. If this preponderance 
is not given to ob^lectionable colors such selective radi- 
ation, as it is called, may not be a serious disadvantage. 
The "/elsbach mantle, and in a sense, the fernst lamp are 
examples of this^. Both of these emphasize the middle 

portion of the spectrum, which is the least objectionable 
to the eye. Selective radiation thus has great possibil- 
ities; yet they do not seem as great as those offered by 
incandescent lighting without selective radiation, for the 
approximation to sunlight is thereby made better and in- 
creases as the efficiency is improved. The present need 
is a high efficiency incandescent lamp giving a white 
light. High temperature tends to produce both these ends 
and hence temperature sets the limits to incandescent 
lighting. 

1 Proceedings V.I.'R.E* 25-761 ^ ^ 
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THE CARBOU FILAMEIT L.VKP 
PRACTICAIi LIMIT TO TEICPERATUHE 

It is a well known fact that no substance will main- 
tain its condition for a great length of titte at a temper- 
ature near its "boiling or melting point. If the real cause 
for this could be determined, it would be a great step to- 
ward its elimination. For instance, the carbon filament 
operates during an economical life period at only about 
half its actual boiling temperature. Hence, if its ef- 
ficiency is to be increased by operation at a higher tem- 
perature it becomes necessary to know the cause for the 
present temperature lirr^it . 

The deterioration of the carbon filam.ent may be due 

to electrical effects such as the so-called Edison and 
Crook's tube effects; to chemical effects such as the 
action of the enclosed gas on the filament; and to phy- 
sical effects such as air washing and vaporization. The 
question as to which of these is the more i.T.portant cause 
of deterioration is still a mooted one, but the higher 
authorities are fairly well agreed that physical effects 
are the more important. In any event, whether the deteri- 
oration be due to electrical, chemical or physical effects, 
the use of an inert gas in the bulb retards or reduces 
all of them with the possible exception of ^g^jzJ§^^(ii^OQl6 
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This latter the authors feel is relatively unimportant 
as being simply a name used to designate certain minor 
effects which as yet have not been well understood. Dr. 
Steinmetz, in a paper before the American Institute of 
Electrical Engineers^, illustrates the position of the 
higher authorities on this subject. His position is 
very decidedly with those who believe the deterioration 
to be physical and chemical rather than electrical. While 



it is assumed that the electrical effects are not present 
it is believed they are small in comparison with the 
physical causes of deterioration. 

The cause generally considered to be most important 
is vaporization. All solids and liquids evaporate at tem- 
peratures far below their m.elting or boiling points. Car- 
bon has a low vapor tension at low temperatures, but at 
higher tem^peratures authorities agree that its vapor ten- 
sion increases; that at the temperature of incandescence 
its vapor tension is quite high and that evaporation is 
relatively rapid ^. Indications point to this as the chief 
cause of deterioration. The vaporization of carbon at 
about 2000 degrees Centigrade is found to be so high that 
it is not economical to operate it at higher temperatures. 

1 Proceedings A. I. E. E. 25-755 

2 Comiptes Hendus 26 and 29 
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Beyond this point the wasting away of the filament is so 
rapid as to reduce the life of the lamp to a very short 
period. This effect is increased by the fact that the 
carbon deposits on the bulb, thus obstructing the passage 
of the light and reducing the practical efficiency. In 
addition, the filament increases in resistance as the car- 
bon leaves. This reduces the current and lowers the tem- 
perature. It is unfortunate that a material so refractory 
as carbon should have such a comparatively high vapor ten- 
sion at a temperature so far below the point of instantan- 
eous destruction. 
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THE UO-VACUUTJ THEORY. 



The theory of ▼aporization aeems to "be pretty defi- 
nitely established, and Professor Anthony, In a paper be- 
fore the American Institute of Electrical Engineers^, took 
pains to prove the truth of the theory with reference to 
the carbon filament. The logical step then is to reduce 
yapori2ation so that higher temperatures may be maintained 
without excessive evaporation. A well established physi- 
cal law shows that vaporization is greatly reduced by an 
atmosphere of a gas under some pressure, and it is upon 
this law that the no-vacuum theory is based. 'Thile the 
intrinsic vapor tension of the body is not reduced, its 
rate of vaporization is diminished by the opposing effect 
of the gas under pressure. If carbon follows the same 
law at high temperatures, and exjeriments seem to show 
that it does, then the presence of a gas under pressure 
in the lamp bulb must have the desired effect. Early in 
the developm.ent of the lamip this theory was tested by 
experiments on actual lamps^ and so far as vaporization 
was concerned the experiments pointed conclusively toward 

the establishment of the theory. 

In spite of this theory the carbon incandescent lamp 

1 Proceedings A. I. E. E. 11-140 

2 American Journal of Science 44-277 
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is operated under cirounistanoes extremely favorable to 
rapid vaporization. The fact that carbon withstands as 
well as it does the t enperatures now used under the most 
adverse circumstances so far as vaporization is concerned, 
is a good indication of what might be possible under more 
favorable conditions* 
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GASES POSSIBLE TO USE lU THE lAMT' BUIB. 



With the vaporization theory pretty well esta'blished 
as explaining the cause for deterioration of the filanient, 
and with the no-vacuuiTi theory opening a possible avenue 
leading toward the improveaent of carhon lamp efficiency, 
it becomes necessary to investigate the different gases 
which it might be possible to use in the bulb. Tt would 
seem that some of the very inert gases, such as argon, 
would afford great possibilities, since with such a gas in 
the bulb vaporization would be reduced, and there would 
probably be little possibility of chemical com.bination 
with the filament • Some of the heavy carbon containing 
gases, such as carbon tetrabromide (CBr^) and cyanogen (Clf) 
would also appear to offer possibilities. Some of these 
gases might afford opportunity for chemical combination 
'Aith the filsuLent, but if a gas is used which already has 
its full possible complement of carbon atoms, and is put 
into the lamp bulb in a pure state and under a pressure 
such that equilibrium would be established between it and 
the vapor tension of carbon, there would seem to be no 
apparent reason why the result should not be satisfactory. 

The theory of equilibrium between the gas pressure 
and the vapor tension supposes that carbon would be va- 
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porized to a small extent and the gas would be partly- 
broken up, carbon being deposited upon the filament, un- 
til an equilibrium was establishe(^ between the rate of 
vaporization and the rate of deposition of carbon from the 
gas. Prom this it will be seen that the gas used must have 
the ability to deposit or "flash back" carbon upon the 
filament. It is upon this basis that the experiments de- 
scribed in this thesis were undertaken. 

The idea of operating a carbon fi lambent in an atmos- 
phere of a carbon containing gas, either for the purpose 
of originally preparing the filament or for the purpose 
of prolonging its life by the replacemiCnt from the gas of 
the carbon vaporized from the filament, has been the sub- 
ject of several patents^. The original preparation of 
carbon filaments by operating them in carbon containing 
gases is a process v.1iich is well known and widely used 
at the present time in all the large lam.p factories. The 
idea of norrrally operating carbon filam^ents in carbon con- 
taining gases for the purpose of prolonging their life or 
increasing their efficiency, however, has, so far as the 
authors of this thesis are aware, never been commercially 
used. 

1 U, S. Letters latent Ho. 563,329-Prank Smith, July 7, 1896 

248,416-Thos. l^dison, Oct . 16, 1661 
405,170-Eiram S.ljaxim, June 11,18989 
275,613-Thos. A. Edison,Apr . 10, 1683 
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At the present time investigations are "helng carried 
on at the University of P^isoonsin which have for their ob- 
ject the determination as to whether or not the use of ar- 
gon in the bulb of an incandescent lamp will reduce the 
rate of vaporization* If it should be found that the use 
of argon will reduce the rate of vaporization, then pos- 
sibly the use of argon in connection with a carbon contain- 
ing gas such as cyanogen may produce satisfactory results, 
argon being used to reduce the rate of vaporization, and 
cyanogen being used to flash back upon the filament a suf- 
ficient amount of carbon to replace the little that would 
still be vaporized. 
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ErPERTTilKIITS AlTD RESUITS. 



In surrounding the filament with a carbon containing 
gas under pressure, the ideal condition desired was a pres- 
sure just sufficient to "balance the vaporization. The ex- 
act pressure necessary was unknown, but it wijs believed 
that if the gas was placed in the bulb under too low a 
pressure vaporization would take place slowly until equi- 
librium was established; if placed in the bulb under too 
much pressure, carbon would be deposited or ''flashed'' 
upon the filament until equilibrium was established. 

An attempt was first made to use carbon tetrabromide 
gas in the bulb. The attempt was very roug*h anol was sirr.ply 
for the purpose of determining whether this gas offered 
possibilities sufficient to justify further and more care- 
ful experiments with it. A 50-volt 10-candle power lamp 
was used for the purpose. In it were placed several cry- 
stals of carbon tetrabromide. The lamp was then connected 
with a vacuum pump of the ?leuss type and the lamp evacu- 
ated. Then maximum vacuum was obtained, the filament was 
operated for a fev; moments at a low red heat to dispel 
any occluded moisture, after which the crystals of carbon 
tetrabromide were evaporated by the application of a flair.e 
to the outside of the bulb. This occurred very readily 
under the low pressure. The lam.p was then sealed off and 




Digitized by 



Google 



16 



operated at practically double Its rated voltage. Tt 
operated for fifteen minutes and then burned out. To 
candle power readings were made, but after the first few 
minutes the gas in the bulb turned brown as though indi- 
cating the presence of free bromine. There was also a 
reddish white sublimation on the globe. After the lamp 
burned out, the globe was broken and the filament exam- 
ined under a microscope. Tt was found to have on it a 
heavy black deposit, very tough in its nature, like car- 
bon. 

An attempt to ascertain the vapor tension of carbon 
tetrabromide resulted negatively. A crystal placed in the 
top of a barometer tube vaporized and produced a pressure 
of approximately half a centimeter of rr.ercury. A curious 
and significant point, hov/ever, is the fact that when the 
crystal vaporized in the vacuum over the mercury, it pro- 
duced on the sides of the tube a black deposit similar to 
that on the lamip filam.ent and the interior of the globe. 
This would seem to indicate that the substance decomposes 
upon evaporation. This being the case it was thought 
that the use of some other gas might offer greater op- 
portunities. 

The use of cyanogen gas was then considered, and In 
order to determine whether this gave promise of being 
available, a rough test was made similar to that with the 
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oar'bon tetrabromide. A 50-volt lamp v/as evacuated and 
filled with oyanogen gas made in a separate chamber by 
heating mercury cyanide. 'Then tested under double normal 
voltage this lamp burned for twenty-five minutes. A mi- 
croscopic examination of the filament showed it to be 
covered with a hard, lustrous deposit like graphite, and 
very brittle. A second lamp filled with cyanogen made by 
heating silver cyanide, operated for twenty minutes under 
voltage and a half. The inside of this lamp globe became 
coated with a white sublimate v;hich, at first, covered 
the entire surface, but which gradually disappeared from 
the hottest portions and finally gathered in the compara- 
tively cool base. The filament temperature became ex- 
ceedingly high, appearing to be about the same as that 
in a 40 watt tungsten lamp. A macroscopic examination of 
the filament showed it to be covered with a hard black 
deposit like carbon. The filament was very brittle. Tests 
on the deposit inside the globe showed that it vaporized 
on application of heat, and dissolved instantly in water. 
"Rut it apparently did not take up any moisture from* the 
air, although exposed to the atm^osphere for several weeks. 
These tests were made on the supposition that the deposit ^ 
might be phosphorus pentoxide which was used to remove 
the last traces of moisture before sealing the bulb. 

As a matter of interest, a lamp fitted v;ith discharge 
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terminals and tube, as shown in Figure 1, and pumped in 
the ordinary inanner at the factory of one of the large iamp 
manufacturers, was compared spectrosoopically v.ith both 
hydrogen and cyanogen standards. This comparison showed 
that the ordinary lamp bulb contains no hydrogen, "^hen 
compared with the cyanogen spectrumi, however, the follow- 
ing was shown: 

Item Lamp Spectrum Cyanogen Spectrum 

1 TTot present Green line 

2 Yellow line (pronounced) Yellow line (pronounced^ 

3 Hot present Line just to left of yellow 

4 Red line (pronounced) Red line (pronounced) 

5 Blue line (pronounced) Blue line (pronounced) 

6 Light Green (pronounced) Light Green (pronounced) 

In view of the pronounced coincidences in items 2. 4. 
5, and 6, and of many minor coincidences, it seems safe t o 
conclude that the ordinary lamp bulb contains at least a 
trace of cyanogen. This is interesting and perhaps im- 
portant in helping to produce the comparatively long life 
of carbon lamps, i. e. , there may be at the present time 
some flashing back on to the filament of carbon from the 
enclosed gases. 

In the two lamps tested with cyanogen it was not 
known whether the gas was pure, nor was the gas pressure 
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known. The results obtained from these two lamps seemed 
encouraging and to warrant further investigation. In view 
of this and of the fact that ordinary lamp bulbs contain 
a trace of cyanogen, it was decided to make further ex- 
periments along this line, endeavoring to use pure cz/an- 
ogen gas and to determine and regulate the pressure used. 

At this point in the work, however, it was found that 
the valves in the only available vacuum pumps had become 
so deteriorated that it was impossible to secure the nec- 
essary high vacuum. A rush order for new valves was sent 
to the pump manufacturers in England, but these did not 
arrive in time to allow further experiments to be made. 
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PERCEFTAGES OF BARE EiRTH OXIDES FOR GLOWERS. 
HISTORICAL DEVELOrMSUT OF GL0T7ERS. 

The peculiar phenomenon of incandescence as a result 
of the conduction of an electric current through the ox- 
ides of various electrolytes, particularly the oxides of 
the rare earths, has heen made the subject of exhaustive 
research by a host of investigators. 

Such substances as lime, magnesia, and kaolin, or 
white clay, have long been known to possess the power to 
emit an intense light in the high temperature of the elec- 
tric arc. It is, however, difficult to say with any de- 
gree of accuracy just when it was first found that elec- 
trolytes, of v.hich the substances naired are a type, v^hen 
brought to a high temperature by the passage of an elec- 
tric current, were possessed of the same or greater 
brilliancy, 

Perhaps one of the first men to discover these 
strong characteristics was la Roux, a Frenchman, who at 
an early date made exper irr,ents using lime and magnesia as 
conductors in an electric arc^» Later he patented his 
1 Electric Review, London, February 24, 1899 • 
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idea, including not only the substances iTientionod, hut 
a number of i^uhstances now known as rare earths. 

la I\Oux's results v;ero in no wise successful, hut 
a few years later Jablockoff brought out his ''Kaolin 
Candle'' which consisted of a slab of porcelain used as 

a conductor of interrupted current at a high potential, 
jablockoff's efforts were also unavailing. 

TJcsearch along these lines was again at a stand- 
still until about 1S9S when Doctor ITernst, at the Uni- 
versity of Gottengen, produced his larr.p. To be brief, 
this latter attempt to utilize the inherent qualities 
of the rare earth oxides met with unqualified success. 

In hi3 earlier attempts Doctor 13ernst's researches 
were carried on along identical lines with those of his 
predecessors. Put his later work which resulted in the 
mixtures of the rare oxides was, perhaps, the direct re- 
sult of a close study ar.i investigation of the findings 
of ^.".elsbach, of gas rrantle fame. 

Baron Von v;elsbach-^ found that if he mixed thoria 
with a very small amount of ceria, the resulting mix- 
ture v.as not only stable in a corrmercial sense but when 
brought to a state of incandescence gave a spectrum 

1 v. T.:aisson, Traits de Chimie Min^rale Api^lication 

du Thorium Vol. 3 p SC7 
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v/hioh was aT:)out midway "between those of either of the 
ingredients. Ordinarily thoria possesses no rroper^ 
ties coincident with luminous eleiTients or elements ca- 
pable of incandescence at high temperatures, but ccria 
taken alone gives off a very intensely brilliant light 
at high temperatures. The latter *s stability is, how- 
ever, very slight and it volatilizes at those high tem- 
peratures* He found also that by varying this percent- 
age^ {Vfo) he could also vary the spectrum to either end 
of the scale--all this over the range of five p^r cent 
of ceria. 3till further, 'Velsbach found that other 
"impurities'* w^ould act to produce approximiately the same 
results v;hen mixed with pure thoria. 

In his experimients Doctor Tcrnst found that glowers 
produced by the mixing of thoria and ceria gave ronark- 
able results, not only as far as their light emitting 
pov;er was concernei, but as to their higher conductiv- 
ity^. To this mixture he n.alo further additions of 
other rare oxides, notable among which was the yttria 
earths, with the result that the conductivity was still 
further raised. Glov;ers were also made with only the 
tVvO substances, thoria and yttria earth. 

1 bulletin by V/elsbach I^antle Company 

2 Electrical Review, London, Fcbrunry 24, 1599. 
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At this point in the developrr.ent of his lamp, 
ITernst v/as faced with the starting difficulty. It 
must be understood that although these rare oxides 
are excellent conductors at high temperatures, ord- 
inarily they are classed v;ith the electrolytes, i.e., 
good insulators at the lower temperatures. To start 
these latter glovvers, an apj-reciahly high temperature 
v;as necessary before they became conducting. Doctor 
Uernst could devise no adequate means to ?ocom.plish 
these high starting tem.pcratures by automatic micans. 
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THE TIEHUST FIL/JJEUT. 



As it imy "be said of many of the rare oxides-*-, zir- 
oonia remains almost unaltered in the presence of the 
oxyhydrogen flame. It has great li£:ht riving power and 
is very refractory, emitting the most intense and fixed 
light at the higher temperatures. Recognizing these 
properties and realizing also that, although thoria 
was even more valuable for lighting purposes than r.ir- 
conia because it gives forth a blinding light at the 
comparatively low temperature of the Bunsen flare, its 
use as a conctitucnt of his glov;or was inconsistent with 
the development of the starting apparatus of the Tcrnst 
lamp- Ke therefore substituted zirconia for thoria and 
in 30 doing lowered the starting tempera t^:irc of th^^ rriy.- 
ture of yttria and thoria. 

The object then, of this phase of the v/ork has 
been to nake a rccub3t itution of thoria for zirconia, 
and by a proper scheme of percentages of the oxides 
of thoria and yttria to increase not only the refrac- 
tiveness but the over-all efficiency of the lamp. If 
this result could be accomplished, further search m.ight 
perhaps disclose some feasible means whereby automatic 
starting could be :iade conmercially jossible. 

1 I^are !:etals-^Chly, p. 140-145 

2 P.ichter's Inorganic Chemistry, S::.ith p ZAC 
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CtJRHSHT COTPUCTIOU THI^ORY. 

A study of the ir.anner in which tho conduction of 
current occurs in the electrolytes, particularly those 
elements and rare metallic earths in which we are in- 
terested, clearly shows a complexity of theory which 
at once places such discussions upon a very insecure 
footing. The Ionic Theory of Dissociation, ^pon which 
the various theories of current conduction depend, is 
still a sub,ieot for coniecture. -'e cannot, therefore, 
place it in the category of exact sciences. 

The principle premises^ upon which Doctor Fernst 
"based his theory of electrolytic action may he taken as 
follows: 

(a) That definite traces of electrolysis are found 
in some cases; the chemical composition of the cathode 
after the current has been allowed to pass through the 
oxide for a long tim,e being found different from that 
at the anode* 

(b) The conductivity of a mixture of Axides was 
found to be m.uch greater than that for each oxide taken 
alone. 

Doctor rernst states that the products of electrol- 
ysis are continually recom^bining so the snpply of elec- 
trolytic ions is maintained constant. The theory of 
1 Conductivity of IJetallic Oxides, Phil. Ha^tteed^9^^0gle 
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electrolytic dissociation has furDished a simply explan- 
ation of conductivity in electrolytes hy assuming that 
the current is carried as a stream of electric charges 
on the ions into which a certain proportion of the elec- 
trolyte is dissociated. 

In contradiction to this hypothesis Doctor Horton 
obtained from experiments upon a numiber of the oxides 
such as lime, magnesia, "Bartya Tlumbic oxide, bismuth 
trioxide, and a nurr.ber of others, exactly opposite con- 
clusions which led him to believe tha conduction to be 
mainly metallic in the metallic oxides. 

Doctor Horton 's arguments wore based upon facts, 
the principle one of which was that if the conduction 
had been electrolytic some evidence of this action would 
have manifested itself when the oxides were operated in 



In direct opposition to this statement it nay bo 
shown that the vapor tension resulting from operation 
of the compounds in vacuum results in a gradual deter- 
ioration of that vacuum. 

The fact that com^pounds conduct better than either 
of their constituents may be explained on the corpus- 
cular theory, i.e., the theory of m.etallic conduction 
which makes use of the argum^ent that negatively charged 
corpuscles are discharged or escape from, the ions^nd 



vacuo . 
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move in an opposite direction to the irripressed voltage. 
There seems to be ample proof that the ease with which 
a corpuscle may escape depends entirely upon its sur- 
rouQdings. This is clear when we consider that such 
compounds are mixtures of substances, the one containing 
ir,any free corpuscles but very little space in which to 
move (thoria with a high atomic weight), and another 
(yttria with low atomic weight) in which there is plenty 
of room, but few corpuscles. 

Finally, it is known that the nuffiber of these charge 
bearing particles increases with an increase in temiper- 
ature and that the rate of increase in emiission has a 
direct proportional effect upon the conductivity. 

From, the statement made, and from m^any points not 
cited, there seems to be much conclusive evidence that 
the conduction of current in electrolytes is mainly 
metallic, at least, not entirely electrolytic. 

Still another theory of current conduction in the 
case of the lernst glower dexends upon the fact that the 
^ir in the neighborhood of a conductor becomes charged 
or ionized on the passage of a current through the con- 
ductor. It therefore seems probable that conduction 
depends not a little upon this ionized air and that the 
phenomenon is in the nature of an arc which envelopes 
the surface of the conductor. 
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COUSTRUCTIOU AND OrEKATIOH OF ?HK ITEI^UST GIOV/EH. 

The Fernst glower in its present form consists of a 
rod of the material about 25 millimeters long and ahout 
0.63 millimeter diam.eter. It is formed "by forcing through 
a die a stiff dough of the rare earths mixed with a 
"binder such as gum tragacanth, drying, roasting, cutting 
into proper lengths, and finally attaching lead wires. 
These operations are performed with no little difficulty. 



wires. Doctor Ternst made his terminals by m.aking a few 
turns of fine stranded platinum, wire ahout the end of 
the st^-ff, afterward applying a paste of the same m.ater- 
ial. A serious difficulty was encountered in this form 
of terminal. After the glow^er had been in operation a 
short time there was found to be a loosening of the spiral 
due to shrinkage in the staff* Later developments by 
*:arshetll Hanks brought out a terminal miaking use of this 
shrinking action. By heating the end of the staff to a 
molten state he cm.bedded a srr.all bead of platinum, in the 
very ends, to which, after cooling, the lead wires could 
be attached. It is clear that shrinkage in the staff 
will only tighten the platinum, bead in its socket. 

The characteristics of the glower with reference to 
voltage and current have given rise to the use of a 



the last one--that of attaching the lead 
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steadying resistance, or ballast. As the current in the 
glower is Increased, the voltan-e across the terminals 
rises, at first rapidly, nnd then more slov;ly to a rrax- 
imrur*, "beyond which it again drops off with increasing 
rapidity as the current and resulting temperature in- 
crease. Beyond the point of maximum voltage the resis- 
tance of the glower drops off so rapidly as to make the 
current difficult to control. A very slov; rate of va- 
porization results from operation, this rate incre^ising 
v:ith the efficiency at which the glower is operated. 

Although the efficiency of the present glov;er is 
nearly twice that of the average carbon lamp, and in 
the larger sizes of Ternst lamps has a better efficiency 
than the newer tungsten lamps of equal candle pov;er, 
there are certain points which suggest a possibility of 
bett erm.ent . 

It is known that up to a certain point the efficiency 
of a glower increases with the tem.ferature , but, due to 
the fact that they sag and becom.e plastic at high tem- 
peratures, it Ir not ccmirercially possible to operate 
them at these high t em.peratures . Hence, with their 
present composition, the officlGncy of the glowpr? is 
United by certain features, the m^ost ob iect ionable 
am.ong which is varori?ntion. 

The work to be taken up in this section is then, toj 
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ascertain v.hether substitution of thoria, with its hig^her 
rate of light emission at lovver temperature, will not ef- 
fect the proper results. 
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EXTTTHILIEUTATIO]? AFD RESULTS. 



The method of preparation of thoria for these experi- 
ments will be described in the follov/ing paragraph. The 
method used was the same for all the work and will not 
again be mentioned. 

Twenty gramas of thorium chlorate (ThCl^) was dis- 
solved in about three-quarters of a liter of clean water. 
A precipitate of thorium oxalate was produced by slow- 
ly adding, in excess, a hot solution of oxalic acid, 
stirring briskly during* the form.ation of the precipi- 
tate. The precipitate thus formed was filtered and 
washed clean with several washings of hot water until 
the run-off showed neutrsl on turmeric paper. 

The clean precipitate, together with the filter paper, 
was placed in a drying oven to remain over night. From 
here the thorium oxalate v/as ignited in a platinum cru- 
cible, at first slowly to a red heat and at red heat for 
two or three hours. The oxide thus form*ed (ThOg) was 
very white and chalkyi 

The first m.lxture to be tried Vv'as 90 per cent thoria 
and IC per cent yttria. Five gramas of this rr.lxture wis 
carefully weip^hed, to which was added five per cent of 
gum tragacanth, and the whole knended thoroughly by add- 
ing a few drops of distilled water. The final form of 
the mass was a stiff but pliable putty. ^ , 
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?he fixture was nov; jnlaoed in the press and forced 
through a die the exact size of a ,^60 drill (0.04") in 
diameter. A long thread was formed in this manner and 
allov;ed to dry thoroughly before baking. 

The baking process was carried on by first cutting 
the gut into convenient lengths and passing these lengths 
slowly back and forth through the oxy-gas flame. Three 
or four passes were considered sufficient to burn out the 
grnii tragacanth. It v:as found that too much burning 
served to crumble the filaments or induce fractures. 
Great care was necessary to heat gradually. ^ilamiSnt 
lengths of about three-quarters of an inch were now Trade 
und stranded platinum wire (C wires ?5C twisted) was 
wound twice around each end v\ith a lead length of one 
?)nd one-quarter inches. These end connections v.cre 
shafod around a wire about the siie of a filament and 
then forced gently over the ends of the s taff to avoid 
failure by breakage. A paste £ot the end beads w-is rrp- 
pared of su^h a constituency that it settled into the 
corrugations of the wire, making a secure Joint. The 
paste v\as nude as follows: 111 old ends and "broken 
pieces of filament v.ere ground to a fine powder in a 
m.ortar. To thiiB powder was aided a little m.ore yttria 
for constituency, the v.hole being 'Hrought to a p^.sty 
form by adding a very little pure water. A very small 
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amount of thorium nitrate v.as added l:^ecanse of the ad- 
hesive qualities v.hioh it imparts to a mixture* 

After drying. these beaded ends v;ere baked in the 
sam.e manner as the filaments themselves. Serious trouble 
was encountered in that the mixture in the bead seemed to 
scale off and blister in the flg^e. This wi^s perhaps due 
to insufficient time given for baking* Smiall glass rods 
were welded to the platinum ends about three-quarters of 
an inch from and parallel to the glower so as to afford 
easier and safe handling. Finally, the leads were len- 
gthened by welding short lengths of fl6 copper v.ire to 
them. 
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TESTING. 



Fiq. ^. 



A test v*as at tempted on each glov;er constructed, 
some defect being- developed in each one. To data v;as 
obtained because of so much variation, due perhaps to 
poor end beads. Another fact v/as n.ade eviden t--nGarly 
every filament contracted some defect. SomiC bccam.e 
loose in the end connections, a snail arcinp; effect be- 
ing produced v\hich finally destroyed the platinum wire. 
A peculiar thing v/as m,ade evident. All filaments that 
continued to glow for any length of time developed a 
coctional crack .:id\vay between the ends as shown in 

Figure r. 

To facilitate the test- 
ing of a num^ber of glowers at 
one time, a test board was cda- 

I 1 structed whereby six glovjers 

^^^;fr miight be run at once. opccial 

arrangements of circnits were 
made so that current and voltage values m.ight be obtained 
without interrupting the circuit of an;/ single glower. 
This allowed the use of but one. set of instrum.en t s. A 
photograph of the com.jlete board v.ith instrum.cnt plug 
is shown on the ney.t page. 

Several batches of the ninety and ten per cent mix- 
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tore were ir.ade up precisely as "before. The terminal paste 
in some of these batches was varied in an effort to ob- 
tain a more lasting terminal. In some the thorium ni- 
trate v.as left out and this seemed to give better results. 
The tests on all of these glov;ers gave no results. 

Ho little trouble was encountered in starting these 
glowers. ?/ith a large plain resistance or lamp ballast 
the glowers v;ould not start in the hot flame of the oxy- 
gas flame. ITov; this we do not attempt to explain be- 
cause there is no drop across the resistance until cur- 
rent begins to flow. The glowers were started by cutting 
that resistance down to a low value. However, the v»al- 
last could not be cut in again fast enough to avoid the 
rush of current, which either burned off the terminal 
leads or else fractured the filament. In all cases, the 
fractured glov/er was found to bo tubular, i.e., the cen- 
ter had been melted out, and in somie cases the m.olten 
ffxatter could be seen to shoot from, miniature volcanoes 
on the surface. 



This m.elting out of the center can be explained by 
the fact that in any conductor whose conductivity is 
low, the flow of current tends to be axial. Therefore 
the center of the conductor m.ay be in a m^olten state 
while the outside is intact. 

in the construction of glowers great care and som.e 
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dexterity is necessary "because of the fragility of the 
staff before it has been in operation. It is a pecnliar- 
ity of filaments that, after being in operation some 
little time, they become extrerrely hard and are very 
durable. 

At this point in the work a change was rrade in the 
percentages of thoria and yttria in the hope of obtain- 
ing results. The thoria constituent was raised to 95 
per cent and the yttria lowered to 5 per cent. 

A great deal of t imiC was spent in an effort to start 
these glowers. They were tried on the 5C0 volt direct 
current city circuit, but without success. Finally a 
transformer was obtained and IIGO volts alternating cur- 
rent applied at the terminals in connection v/ith a suit- 
able lanp ballast. Only a few were successfully flashed, 
the hi£"her voltage strain seemed to fracture the staff 
just beyond the terminal bead, "e thought that if they 
could be successfully flashed no trouble would be en- 
countered in startinK at a lower voltage. This was not 
true because the flashed glower required the same volt- 
age to start as before. 

In the first few batches of 95 and 5 per cent 
glowers the same rrxthod was en.ployed in m.aking the paste, 
but in the last few batches a change was rade by add- 
ing about five per cent of sirconiumi chlorate. Apj^li- 
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cation was n^.ade by putting on a thin layer of paste, 
roasting and applying another layer until a 'bead of suf- 
ficient size had been built up. 

Filaments one inch long refused to start on 220 
volts alternating current, and to siir.plify apparatus 
the glower length v;as cut down to five-eighths of an 
inch. Glowers of this length could be started on 220 
volts, but only in the intense o:xy-gas flarr.e- 

Tests v.ere !r.ade upon these latter glowers, but with 
no inimediate results. Ilowever, a srr.all amount of data 
was obtained from one glov;er. The values given cannot 
be relied upon as representative because almost im.m.cdi- 
ately after starting a defect developed in one termiinal 
which c^jused an arcing action. The data is given only 
to show the current and voltage relations. 

Time of start 3:13 T.::. 

length between terminals 9/l6 inch 

Diam.eter 0.028 inch 
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At reading f5 the ballast was decreased, inorcasinc 
the current intake at the glov/er. At this time the glower 
seemed to "bo burning at an exxcellent efficiency, that Is 
at a very white heat. 

A single glower Ternst lamp was set up very near the 
above glov/er and a white porcelain background provided 
for the test glower so as to make the conditions more 
favorable for comparison. The greater brilliancy of the 
test glower v;as then particularly noticeable. 

This glower was operated on 500 volt direct current 
circuit. The original was a straight rod, but after be- 
ing in operation a short time there developed a bend *rhich 
had its peak near the positive termiinal, with a gradual 
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slope toward its negative erid. 

In conversation with T.:rt Hanks, a fonricr ITernst lamp 
worker, it developed that the phenomenon is true to a more 
or less extent for all glowers "burned upon direct current 
circuits. A particularly noticeable feature of operatio 
on direct current circuits was the difference in brilliancy 
at the positive end over that of the negative end. Tn 
fact, the negative terminal Vv^as decidedly cool. Again, 
this phenocienon is noticeable in Ternst glowers and is the 
cause of terminal troubles in the case of lamps used on 
direct current circuits. 

In conclusion, it is difficult to make a statement as 
to the results obtained. This is due, for the rrost part, 
to a non-uniformity of operation of glowers of precisely 
the same construction throughout. 

In m.OGt cases of construction, non-uniformity is 
usually placed at the door of the differing grades of ma- 
terial, particularly is this true in the case of the 
Ternst glower of its yttria content. The yttrium earths 
are a comiposite mass of a number of earths such as yttri- 
um, yttribum., and some others. Variations in the percent- 
age of constituents results in variations of atom.ic v/oight 
of yttrium earth, and in the case of the ''^crnGt p-lowor, 
as spoken of before, seem.s to be the cause of variation 
in lamp hours between one glower and another. The yttria 
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used in these experiments was taken from one source only. 

As to the thoria content there may be some cause for 
question on account of its being produced in the labora- 
tory. However, as in the came of the yttria, the thorium, 
chlorate from v;hich thoria was produced cam.e from the same 
bottle (marked Schuchardt^s Thoritum Chlorate] for all the 
glowers • 

The manner of making the terminals is a point in 
question. Due to the changes made and the manner of ap- 
plying the paste, conpled with the adverse results o>'- 
tained, it seems probable that the discarding of this 
terminal for some other which will withstand the extrem.e 
temperature would obtain for resi^lts. 

Again, if the roasting of glowers scem.s an im.rortant 
factor in the making, it would probably be expedient to 
arrange an electric furnace where ^miformi heating could 
be accomiplished . There seem.s reason to believe that with 
the 07,y-gas flame used in this work there wore miniature 
cracks produced all over the glov;er surface by the curl- 
ing and uncurling of the gut in the flame. 

It seems, therefore, that further work will be nec- 
essary before a positive statement can be made as to the 
use of a glower m.ade of a mixture of thoria and yttria, 
to obtain thereby a higher efficiency. 
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THE OrERATIOU OF UITHIDE CLOTHS IH TUTKCGT^U. 
THE rOSSIBILITIES OF THE NITRIDES. 

Since the nitrides of various rare eleir*ents such as 
ceriuir*, titanium, vanadium, and boron have "been found to "be 
very refractory in character, and since some of these are 
conductors of electricity even v;hen cold, it vi^s thought 
that it rr.ight be possible to form high efficiency incan- 
descent lamp filaments from them. 

Cerium, among others, v/as knov7n to have the rerrnr'K- 
able proi^^rty of uniting v;ith pure nitrogen v;hen at a 
red heat, forming the nitride of cerium. The reaction is 
exothermic, and the amount of heat generated is %o groat 
that the mass uadorgoing reaction glov;s v;ith a brilliancy 
equal to that produced by the carbon arc. The compound 
is stable at excessively high temperatures, and is fusible 
with difficulty. The ni'ride is also stable at low tem- 
peratures so long us it is kept out of contact v.ith water 
vapor, and is a good electrical conductor. 7or these 
reasons cerium nitride v;is coneidored a promising r^itorial 
upon which to conduct ex]}erimcnts looking toward an im,- 
proved high efficiency lamp. 

The element ceriuir* from which the nitride is rade is, 
as yet, not a corrjr.ercial jroduct. However, experiments 
carried on at the present time at the University of *"iF?- 
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consin "by !:r. Mcon Eersoh (1911) on the isolation of 
metallic cerium have lead to favorable results and to the 
belief that this heretofore rare element can be made a 
comjTiercial product • In view of this fact, and the fact 
that nitrogen can be made in a comparatively easy manner, 
great com.m.eroial possibilities m^ay be expected of cerium 
nitride as a substitute for carbon as the incandescent 
element if it is found to possess the requisite stability 
under the conditions proposed. 

'i^hould enough cerium be available, the writers pro- 
posed to test out the efficiency and life of the cerium, 
nitride filam*ents» both in vaouumi and vi^ith the lam.p bulb 
filled with nitrogen gas. Hov;ever, tests made under the 
latter conditions are the primary object of this part of 
the work. As far as the writers have been aMe to deter- 
m.ine, practically no data or other rraterial is available 
on this subject. However, V.r. "hitney of the General 
Electric Company has made and operated cerium, nitride 
filam.ents in vacuum*. 

The idea of operating such filam.ents in an atmiOS- 

1 TfOTE. Ur. Hersch has succeeded in isolating about 1000 
grams of pure cerium^ The anthers of this thesis are 
indebted to himi for the ceriumi used in the attcmipt to 
m.ake cerium nitride. 
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phere of nitrogen is, that under such conditions, the 
filaiLents will not be attacked chemically and that under 
the increased pressure of an inert gas a higher operat- 
ing temperature ttjblij he possible, not only to compensate 
for the added heat convection and conduction losses, liut 
that the net consuHipt ion of watts per candle power will 
be less than for the present high efficiency lamips. 




« 



Digitized by 



Google 



45 



METHOD OF MAKIKG KITROGEK. 



Before cerium nitride could be made, it was first 
necessary to produce some nitrogen. There are a number 
of methods by which this element may be isolated, but the 
one used, that of passing air over red hot copper inclosed 
in an iron tube, seemed the most simple and efficient Mth 
the apparatus available. 

The apparatus consisted of a standard t7;o inch wrought 
iron pipe inclosing a roll of copper gauze and heated by 
passing an electric current through a nichrome ribbon 
wound about it and insulated from it be asbestos paper. 
Excessive radiation of heat v;as prevented by packing as- 
bestos fiber about the pipe, v/hich was hold in place Ityy 
suitable brick walls. The brick walls served also to 
contain the asbestos fiber packing. Four aspirator bottles 
were connected to the furnace. The apparatus described 
above is represented in Figure 3. 

An atteir-pt to make nitrogen v/as made in the follow- 
ing way. After turning on the current so as to heat the 
furnace, the joint P was opened and the bottle F raised 
in order to allow G to fill with water, thus driving out 
all the air contained in it. E was then lowered to allows 
the water from D to flow into E and fill up ;:ith air from 
the atmosphere. The joint P was then closed. It will 
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he seen that the 5i]:^paratus contains air ontrapped in the 
bottle D ani in the furnace A. The stopcock 13 v.as nov; 
opened as shown in the fi^^ure, thnc affording a passage 
of the air in D to the bottle G through the tube C and IT 
and through the furnace containing the copper At Py 
raising E and lowering F a pressure was created on the 
air in D, forcing it to flow over the hot copper in A into 
the bottle G. Kov/ by reversing the relative positions of 
S and F the air w^ill be forced fron G back into Again 
reversing the relative positions of the bottles E and F 
the air is forced back into G. In this ^ray the gas con- 
tained within the apparatus was rr/ade to pass over the hot 
copi^or a nuir>er of tirr.cs so as to remove all traces of 
oxy^-en. Cv.ing to a srrall leak in the f^vrn'.:ce which we 
were not a>lc to stop care was taken to keep the pressuce 
within the bottles and furnace slightly above ^he atmos- ' 
pheric rresLUire in orier to allow no cytornal air to 1 e- k 
in. 

A nuir/r-cr oT at t cir.pt s were n/aJe to rcrr.ove '^11 traces 
of oxygen from the air enclosed in the aspirator bottles, 
but for SOL.Q unknown reason these attempts were unavail- 
ing. The air was passed through the electric fur-nace as 
many as twenty-two times, the cofper boirg reg^i^erated 
twice during this ti*rc by pastring hydrogen ever it wliile 

hot* Tests made by placing a sample of the gas in inti- 
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mate contact with pyrogallio acid shov/ed a prcsGncc of 
three per cent of oxygen. 
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^.lETHOD OF I:AXIIIG CKRIUi: KITHIDE. 



The apparatus set up for the purpose of making ccriuir 
nitride is also shown in Figure 3. It consisted of a hard 
glass co!r*bustion tube L containing an iron boat *l upon 
which v;as placed the cerium. One end of this tube was 
connected to the air rump by means of glass and rubber 
pressure tubing. The other end was connected to a glass 
bulb J fitted Vvith a ground glass stopper and two stop- 
cocks K and I. The other end of this bulb was connected 
to the furnace by means of a double opening stopcock B. 
""hosphorus pentoxide was placed in the bulb J for the pur- 
pose of removing any traces of moisture that the gas 
might contain on combing from the aspirator containing 
bottles. All joints were made with loint grease in order 
to m.ake them air tight. 

The first attempt to make cerium nitride resulted 
negatively due to the presence of a snail am^ount of oxy- 
gen in the nitrogen. A small amount of cerium. v;as placed 
on the iron boat within the combustion tube I. The 
line of tubing from the air p'imp up to the f^^rnace was 
e>.haui3ted for some time by m.eans of the oil vacuum pump. 
A small amount of the nitrogen v^ns then admitted and the 
whole again evacuate!. This process was repeated a num'^er 
of times in order to scavenge out the last traces of air 
if possible. Enough nitrogen was then admattod to the 
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combuction chamber to completely fill it at a pressure 
about that of the outside atiiiOsphere. The tube was then 
heated ty meaxis of Buasen burners until the iron boat be- 
came a deep cherry red. The reaction expected did not 
occur. In fact, no apparent change took place. The com- 
pound formicd becamie red which, without doubt, was due to 
the heat extel^nally applied and not due to an exothermdic 
chem.ical reaction. On rem^oving the com.pound thus form.od 
and bringing it in contact with w^ater no noticeable re- 
action took place, thus jrroving that it vns not ceriumi 
nitride, but somie other com.pound of that elemient. 

Further attempts were m»ade to remove the last traces 
of oxygen from the supposedly pure nitrogen gas by regen- 
erating the copper and passing and repasping the gas 
through the furnace. It was at this point that the py- 
rogallic acid tests for oxygen were made sho'wing the pre- 
sence of three per cent of oxygen. 

A eecond attcm^pt to m.ake cerium^ nitride resulted favor- 
ably. The nitrogen remaining from, the prnvioug attempt w-in 
bubbled through pyrogallic acid in order to rem.ove the re- 
m^aining oxygen. The apparatus used consisted of five as- 
pirator bottles connected up as shown in Figure 4. The 
pyrogallic acid v/as placed in the bottle C and the nitro- 
gen gas in bottle B. E was first raised above the level 
of D in order that the latter might fill v. ith v;ater from^ 
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E and thus drive out all air in it. The tube H connecting 
aspirator bottles B and D being pinched shut v/ith a pinch 
cock, the gas in B was forced to bubble through the acid 
in C by raising the bottle A. This created a pressure above 
the acid in C great enough to force the gas through 5, re- 
placing the v/ater in D. The gas in D was then by-passed 
through H back into B from where it was aj^ain bubbled throug-h 
the pyrogallic acid as before* In this was the last traces 
of oxygen were reiLOved. The bottle D containing the nitro- 
gen gas was then connected to the cerium nitride apparatus 
at the point I in Figure 5. and another sample of cerium 
was placed upon the boat K. This tim.o the air in the comi- 
bustion chamber L was rernxoved by a mercury vacuum pumip 
shown diagrammat ically in Figure 5. The cock IT v;as then 
closed and T opened, thus allowing J to fill with nitrogen 
and remiain for a short time in intim.ate contact with the 
phosphorus pentoxidc. The cock Y. was again opened to al- 
low the dry gas to pass into !• This process v;as repeated 
until L was filled with nitrogen at a pressure slightly 
greater than atmospheric pressure. The iron boat with its 
sam.ple of ceriumi was then heated externally by a P^unsen 
burner and an oxy-gas flame. TTo reaction was noticed as 
the cerium gradually became heated until the iron boat be- 
came dull red in color. At this point a alight increase 
in temperature, due undoubtedly to the exotherm.icrren^l«^ 
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was indicated "by a few spots in the l)oat becoming suddenly 
"bright red in color, "but as suddenly dying; out a.rain* The 

toat and its contents v.ero ir.aintained at a hrirht red heat 
for ten irinutes. 

Cn talcing: the boat from the fnrnace after cooling" over 
night, two distinct corr pounds wore present upon it, hoth 
giving off an odor of arnir.onia, Cne compound was lustrous 
bronze black in color, while the other, a small portion of 
the whole, was bright yellow in color. The form^er com.- 
pound, when heated in a test tnbe with potassium hydroxide, 
gave off a very distinct odor of amjnonia. Tied litmiUS 
paper was turned to blue thus indicating cerinmi nitride • 
The latter coffipound gave no such reaction, which proved 
that it was not cerium, nitride, but another com^pound of 
that element. 

The ecriumi nitride thus produced was ground up, mixed 
with, a sm.all am.ount of paraffine v/ax, and squirted into 
small pencils. The pencils, after rem.aining in air for 
tv;enty-four hours, becamiC fairly hard ond brittle, and 
cracked open their full length, thus miaking it im^possi'^^le 
to test them*. 
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Beside the v;ork upon which Vr. Glover reports in 
this thesis, rclatin^^ to the operation of cnrhon fil*i- 
rr.ents in carhon containin-r S^ises, he gave rr.aterial as- 
sistance to TJr, Zartuk and :,:r. Lent in their study of 
the effect of argon upon the life operation of a car- 
bon incandescent lamp. 
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